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RBsumO - Les propri6tCs de la matigre nucl6alre frolde et chaude sont Btudl- 
Bes dans le cadre de la th6orle de Brueckner Btendue aux temperatures flnles. 
Nous nous llmltons B llapproxlmatlon BHF. L1lnteractlon cholsle est le po- 
tentlel de Parls compl6t.6 par une force B trols corps d6rlv6e de 116change de 
m6sons n et p . Une attentlon toute partlcullBre a Bt6 apport6e aux pro- 
pr18t.6~ B un corps telles que le spectre des Bnergles B une partlcule, la 
masse effectlve et le llbre parcours moyen. En relatlon avec le calcul de 
l'entrople, nous avons proc6d6 B une Bvaluatlon du parametre denslt6 de nl- 
veau a et nous commentons la valeur obtenue. Enfln, l'lnfluence de la tem- 
perature et de la denslt6 sur une proprl6t6 B deux corps, B savolr l'lnterac- 
tlon effectlve, falt l1objet d'une premlere Bvaluatlon. 
Abstract - The propertles of cold and hot nuclear matter are studled In the 
frame of the Brueckner theory, extended to flnlte temperature. We llmlt our- 
self to the BHF approximatlon. The baslc lngredlent 1s the Parls potentlal 
supplemented by the lntroductlon of th'ree-body forces comlng from the exchan- 
ge of U and p mesons. Particular attentlon 1s pald to one-body proper- 
ties namely the slngle-partlcle energy spectrum, the effectlve mass and the 
mean free path. We evaluate and dlscuss the level denslty parameter a whlch 
1s closely related to the calculated entropy. In a flrst approach, the tern- 
perature and denslty dependence of a two-body propertles, the effectlve ~nter- 
actlon, 1s analysed. 
I - INTRODUCTION 
The recent heavy Ion experiments have glven rlse to an increasing lnterest In 
the propertles of exclted nuclel and of exclted nuclear matter. In the course of 
such reactlon, the matter 1s compressed and exclted. Some Important questions are 
ralsed, llke : how to disentangle between the propertles of the exclted matter and 
the mechanism of the reactlon, what 1s the equatlon of state of dense nuclear mat- 
ter, what 1s the maxlmum excltatlon energy a nucleus can withstand, ... ? 
Some attempts to derive the general thermodynamical propertles of nuclear mat- 
ter from mlsrascoplc calculations have been done In the frame of the varlatlonal 
approach / l /  Qr of the relatlvlstlc formalism /2/. We want to use, here, a theory 
whlch has proven to be very frultful In the past : the Brueckner theory. We use 
the continuous cholce for the auxlllary potentlal /3/. We report here on the sin- 
gle and two-particles propertles. 
I 1  - THEORETICAL FRAMEWORK /3,4/ 
The central quantlty 1s the second order term BB2 In the hole-llne expansion 
In Brueckner theory and IS glven by 
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where g i s  the Brueckner r e a c t i o n  m a t r i x  and n(k)  i s  the  occupation p r o b a b i l i t y  
f o r  the  l e v e l  o f  momentum k w i t h  value g iven by 1 o r  0 a t  T=O and by the  f o l l o -  
wing expression a t  f i n i t e  T -  
The s l n g l e - p a r t i c l e  enefgy e ( k )  reads 
H2k2 
e (k )  = -+ Re U(k) 2m 
w l t h  the  s.p. average complex f i e l d  def ined by 
A t  f i n i t e  temperature, the  eva lua t ion  o f  the  p a r t i t i o n  func t ion  Z by mean o f  
a p e r t u r b a t i v e  expansion o f  a regu la r  i n t e r a c t i o n  can be found i n  many standard 
textbooks b u t  f o r  a s ingu la r  i n t e r a c t i o n ,  the problem has n o t  been very much s tu -  
died. Nevertheless, i t  can be shown t h a t  up t o  t h e  two-hole l i n e s  con t r ibu t ion ,  the  
general s t r u c t u r e  o f  the  Brueckner theory i s  preserved a f t e r  the proper m o d i f i c a t i o n  
o f  the  occupation numbers n ( k )  (see eq. ( 2 ) ) .  This approach a l lows  t h e  eva lua t ion  
o f  t h e  f r e e  energy, the  entropy and the  i n t e r n a l  energy per p a r t i c l e  /4/. 
111 - RESULTS 
We focuse o u r s e l f  malnly on the  s i n g l e - p a r t l c l e  p roper t ies .  We r e c a l l  t h a t  the  
q u a n t i t y  U(k) 1s complex and can be i d e n t l f l e d  t o  t h e  well-known o p t i c a l  model po- 
t e n t i a l .  I n  Flg. 1, Re U(k) and I m  U(k) are d isp layed f o r  severa l  dens i t i es ,  
bo th  a t  T=O and T=10 MeV. At  
SINGLE PARTICLE POTENTIAL (Re U, Im U) dens i t y  between 0.17 fm-3 and 
0.33 fm-3, the  maln e f f e c t  o f  
t h e  temperature dependence i s  
-zo a reduction o f  the  a t t r a c t l v e  
mean f l e l d  as the  temperature 
Increases. At  smal l  dens i t i es ,  
- 
t h e  s ~ t u a t l o n  i s  a l i t t l e  b i t  
P d i f f e r e n t  s lnce an lncrease o f  
- the  average p o t e n t i a l  takes 
3 place f o r  low momentum. This 
r e s u l t s  from a reduc t ion  o f  t h e  
a t t r a c t l v e  fo rce  and a s t rong  
reduc t ion  o f  the r e p u l s i v e  
-50 force. However, depending 
upon the  s l t u a t l o n ,  the  reduc- 
-100 t i o n  may be more e f f e c t i v e  f o r  
one p a r t  then f o r  t h e  other. 
As concern t h e  lmaginary 
k lfm-'l p a r t ,  the  temperature depen- 
dence 1s the  s t rongest  a t  low 
F lg .  1 - The s l n g l e - p a r t l c l e  complex f i e l d  U(k) densi ty .  The most no t i ceab le  
versus the  nucleon momentum k . fea tu re  1s the  non-vanishing 
values below the  Fermi momen- 
tum k~ . Thls comes from the  p a r t i a l  occupation o f  l e v e l s  below k~ , which ma- 
kes r e a l  t r a n s i t i o n s  possible. 
L e t  us  now t u r n  t o  t h e  e f f e c t i v e  mass m* /3/. Fig. 2 shows t h e  energy and 
temperature dependence. A t  T=O , th ree  features are exhibited : t h e  i n f i n l t e  
slope a t  k = k~ , a peak somewhat above the  Fermi l e v e l  and a r a i s i n g  background 
underneath. The peak originates from the low l y l n g  core polarized states.  As t h e  
temperature increases, the peak collapses rapidly, since the Ip-lh core polarized 
states can be excited from any single-particle orbit. This is of great interest as 
concern the level density parameter a which is related to m* by the relation 
EFFECTIVE MASS m* 
I I I I I a/A = 1/3(;;j-km)k=k(p) 
0.91 I 
We get the value a - 1/19 A 
which remains far from the em- 
0.8 - - pirical value 1/8 A (after ta- 
E 
P king into account the finite 
E size effect). Nevertheless, 
0.7 - 
- T= 0 
- eq. ( 5 )  opens interesting pos- 
p=ar7Of$ ---- T= e~ sibilities since the inclusion 
of the correlation effects pro- 
0.6 - - duce a peak at the Fermi level 
- I I l I l 
0 with a value m*/m = 1. At this -50 50 100 150 level of conjecture, a value of 
E IMeV) 1/14 A is obtained, in agree- 
ment with the empirical value. 
Fig. 2 - The nucleon effective mass m*/m versus Fig. 3 displays the nu- 
the energy of the nucleon at normal density. clear matter mean free path 
An, at different densities and 
MEAN FREE' PATH temperatures. The main feature 
is the finite value of An, at the Fermi level for 
finite T. The decrease of An, for increasing 
temperature helps fo thermalize the nuclear system 
during heavy ion collisions at intermediate ener- 
gies. At higher energy, the deviation from the 
p = 0 . 2 ~  classical value araises from dispersion effect (m) 
and from the Pauli principle through g . 
Our cqlculations are the corner stone in or- 
der to construct an effective interaction veff . 
The structure of the latter will depend, of course, 
of the ansatz we make but we can get a rough idea 
_--- 
T and p dependence by evaluating the 
a(k) = 1g12/1~12 ( 6 )  
after averaging over all the degrees of freedom 
but the relative momentum k . The result is 
shown on Fig. 4. The renormalization is very im- 
E IMeVl 
portant in the 30-100 MeV range and should stron- 
gly influence the equilibration process in heavy 
Fig. 3 - The nucleon mean free ion collisions. The temperature dependence is 
path hnm and the classical weak for the two largest densities (not shown on 
X (small dashed curve) versus the figure). 
the nucleon energy. 
REFERENCES 
/l/ Friedman, B. and Pandharipande, V.R., Nucl. Phys. A361 (1981) 502. 
/2/ Machleidt , R. and Brockmann, R. , Phys. Lett . ~ m 8 5 )  364. 
/3/ Jeukenne, J.-P., Lejeune, A. and Mahaux, C., Phys. Rep. 25C (1976) 85. 
/4/ Lejeune, A. Grangk, P., Martzolff, M. and Cugnon, J., Nucl. Phys. E (1986) 189. 
30URNAL DE PHYSIQUE 
Fig. 4 - The coefficient a ( k )  (eq. ( 6 ) )  ver- 
sus the nucleon energy (T=O : f u l l  curves ; 
T=10 MeV : long dashed curves). 
